Abstract: Mudstones of the Triassic Passaic Formation, near Milford, New Jersey, have yielded the first evidence of an arthropod impression in that formation. Associated trace fossils include Helminthoidichnites, Lockeia, Scoyenia, Spongeliomorpha, and the reptile footprint Rhynchosauroides, representing the Scoyenia ichnofacies. Associated sedimentary structures include desiccation cracks and raindrop impressions. The Passaic sediments were deposited under shallow water lacustrine shoreline conditions subject to periodic subaerial exposure.
Introduction
Near Milford, New Jersey, a slab representing finegrained lacustrine deposits of the Late Triassic Passaic Formation has yielded the impression of an arthropod. Previous studies at this site have addressed the sedimentology, structure, and noted the presence of burrowing [1] [2] [3] , while nearby [4] detailed several trace fossils from the Passaic Formation.
The intent of this paper is to document, to the author's knowledge, the first record of an arthropod impression from the Late Triassic Passaic Formation of New Jersey, and to comment on the paleoenvironmental and paleoecological conditions when the arthropod was emplaced in the substrate.
Ichnologic investigations of sedimentary rocks have be- * E-mail: rmetz@kean.edu come an integral part of geologic research. As noted in many summaries, e.g., [5] ichnology comprises an important tool in identifying many physico-chemical parameters (e.g., fluvial-sediment input, wave energy, subaerial versus subaqueous exposure, oxygenation), especially when integrated with stratigraphic and sedimentological analysis. As such, trace fossils are unique in that they represent paleontologic entities as well as biogenic sedimentary structures [5] , and contrary to body fossils trace fossils always represent in situ record of an ancient biota. Though marine studies still dominate, non-marine ichnologic research has greatly increased during the past decades, as a diversity of ichnofaunas has been recorded from a variety of paleoenvironments e.g., [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, with all the many publications (particularly non-marine) documentation of the organism or organisms responsible for the traces is often rare or nonexistent. As such, many factors are involved including insufficient hard parts, burial environment, reworking of the sediment, lack of quick burial, presence of scavengers, and the degree of sediment saturation, among others. Besides, many of the nonmarine traces are attributed to soft-bodied organisms (e.g., annelids, nematodes), thus offering little chance for even partial preservation.
Geologic setting
The Newark basin formed during the early stage fragmentation of the supercontinent Pangea and represents one of the largest exposed rift basins in eastern North America. The basin fill, collectively referred to as the Newark Supergroup, is represented by more than 6 km of nonmarine sedimentary and igneous rocks deposited over an interval of approximately 30 million years [16] . Extensive coring by the Newark Basin Coring Project established a detailed orbitally tuned geomagnetic polarity time scale and stratigraphy for the Late Triassic [16, 17] .
Research on Newark basin lacustrine strata suggest that the deposits exhibit evidence of being controlled by Milankovitch climate cycles, as expressed by repetitive transgressive-regressive lake-level successions [16, 18, 19] . The Passaic Formation represents the most widespread and thickest (>5000 m) of these deposits, and is made up of marginal fluvio-lacustrine and cyclical lacustrine reddish brown, sporadically gray, black, and tan mudstones, sandstones and conglomerates [20] . Sedimentary structures include desiccation cracks, ripple marks, raindrop impressions, cross-bedding, and tool marks. Vertebrate footprints, plants, fish, and conchostracans, are also present [21] . The deposits of the Passaic Formation reflect climate-controlled precipitation-evaporation cycles that are characteristic of smaller Van Houten cycles, which in turn are modulated by the short McLaughlin cycles, and long modulating cycles [16] .
The slab described in this report was collected from expo- • 57'22"N, 75
• 10'41"W). The arthropod-bearing slab was collected from a small talus pile, and exhibited sedimentary features similar to an exposure that is located several meters upslope which did not yield additional arthropod fossils.
Exposures at this location are represented by cyclical mudstones below members L and M of the Late Triassic Passaic Formation [16, 22] . [1] noted that the exposure exhibits alternating massive, ledge-forming deposits of poorly-sorted siltstone and less resistant fine-grained units. Desiccation cracks are common, raindrop impressions are also present, and most of the strata are bioturbated.
The specimen
The slab on which the specimen is impressed (Fig. 2) is composed of reddish-brown siltstone overlain and underlain by claystone laminae exhibiting desiccation cracks on their upper surfaces. The arthropod (New Jersey State Museum [NJSM 23195]), preserved as an impression, is oval in shape (Fig. 2(b) ), 3.5 cm in length, and 2 cm in maximum width, and occurs in epirelief on the reddishbrown claystone. No traces of body tissue have been found. Uneven segmentation is seen preserved across most of the specimen, with two of the segments observed being approximately 2 mm in length. Their lack of impressions of the appendages may possibly be due to the final positioning after death of the organism, or subsequent detachment and removal prior to burial. Along one side of the specimen there is a very narrow ridge of uplifted thin clay likely resulting from the arthropod being Fig. 2(a) . Note (arrow) uplifted thin clay due to pushing down of arthropod into underlying sediment. Scale in mm.
covered and gently squeezed into the underlying sediment ( Fig. 2(b) ). The slab is 1 cm thick, and approximately 11 X 14 cm wide. The surface of the slab does not exhibit walking or crawling traces associated with movement of the arthropod. In addition to the arthropod, the trace fossils Helminthoidichnites and Spongeliomorpha are preserved in epirelief. Upon closer inspection, the shape of the desiccation cracks exhibit patterns different to illustrated classic examples [23, 24] , in lacking distinctive evidence of orthogonal or nonorthogonal fracture plans. Indeed, most of them intercept locations where organisms likely moved along, rested, or burrowed (Fig.  2 ). As such, I suggest that initially these were traces initiated by organisms which upon drying of the mud preferentially influenced the directions of the resultant desiccation cracks [25] . On the underside, several examples of the trace fossil Helminthoidichnites are present. Associated slabs exhibit the trace fossils Helminthoidichnites, Lockeia, Scoyenia, Spongeliomorpha, and the reptile footprint Rhynchosauroides as well as desiccation cracks, tool marks, cross-bedding, and raindrop impressions.
Discussion
After viewing the slab, Conrad Labandeira, David Grimaldi (e.g., noted that the ovoid tagma shows evidence of uneven segmentation), and Alexandr Rasnitsyn agreed that it contains an arthropod. Interestingly, Alexander Ponomarenko and Kirill Eskove stated the possibility of it being a whip scorpion (personal communication, 2011), though Jason Dunlop noted that the lack of a prosoma and associated appendages likely precludes such a designation (personal communications, 2011). Thus, unfortunately, the arthropod cannot be identified to a lower taxonomic rank and is unidentifiable. Previous studies of the Passaic strata making up most of this exposure [2, 26] describe it as com-posed of lacustrine, fluvial, and floodplain deposits. In a study of Passaic trace fossils nearby the present location, [4] assigned them to the Scoyenia ichnofacies, which is typically affiliated with lowstand desiccated substrates in underfilled lakes [27] . A similar assignment can be made for this investigation. The Scoyenia ichnofacies relates to low energy continental sites that are subject to periodic submergence or emergence [9] . The combination of desiccation cracks and sporadic raindrop impressions in the Passaic Formation at this location denote shallow water conditions subject to periodic subaerial exposure. As such, this would be comparable to a lacustrine regressive phase [3] .
The author has previously documented recent traces, and the specific organisms responsible for them, that are associated with lacustrine, pond, and puddle environments [28] [29] [30] [31] [32] , as well as trace fossils from lacustrine and fluvial paleoenvironments from the Passaic Formation e.g., [4, 14, [33] [34] [35] . My experience has been one where evidence points overwhelmingly to insects and insect larvae, annelids, and nematodes as being the prime tracemakers. I have not yet detected trace fossil evidence of the actual organisms responsible including a possible arachnid tracemaker, though their evidence dates back to the Silurian. Interestingly, spiders are as widespread and as common in nature as terrestrial insects, though far less well represented as fossils [36] . Although modern lake, puddle, and pond margins are home to diverse organisms which produce a diversity of traces, field experience indicates that most of the superficial ones are destroyed due to sediment reworking, e.g. [37, 38] . In this regard, relative to ichnofossils found in lake-margin strata, [22] reported that this environment was subject to higher fluctuations in sedimentation rates, which in turn provided greater potential for fossil preservation. For terrestrial insects, winged varieties are far more abundant in the fossil record than flightless ones, though the probability for burial decreases for species that are unable to or rarely fly [39] . In turn, the author's own field experience indicates that the best chance for preservation of epigenic traces in continental sediments (e.g., lake or pond-margin) requires almost complete desiccation followed by relatively rapid influx of covering sediment (although [39] notes that the chemically resistant and mechanically durable chitinous portions of a dead insect may resist destruction for several years before burial). Observation of modern environments indicates that a variety of animals, particularly insects, creep or walk along the shores of lakes and rivers, as well as through ephemeral puddles [40] . In addition, insects may even fly, or unwillingly be carried into saturated, muddy sediments and respond by attempting to be set free. In most cases, in doing so, they typically leave a variable trace [30, 40] . Interestingly, for the fossil arthropod from the Passaic Formation, no apparent evidence of such is exhibited. Thus, I suggest that in the present example, the arthropod could have been carried by wind or water onto the sediment surface after death, or have been trapped in sediment with a degree of saturation which precluded a possible escape attempt. In turn, this was followed by desiccation and relatively rapid influx of fine sediment, such as during a rainstorm, which covered the arthropod, thus protecting the organism from scavengers and total disintegration. This well-preserved arthropod impression suggests that we are dealing with a post-mortem body impression, although the lack of any remnants of body tissue opens up the question if it is a very well preserved resting track or a body fossil mould. Irrespectively of this formal consideration, the impression with anatomical details allows approximate conclusion about systematic assignment of the fossil.
